Head dipping (HD) is a behavioral pattern considered to have a risk assessment or an exploratory role and is used as a complementary parameter to evaluate anxiety in experimental animals. Since rats with electrolytic lesion in the area of the median raphe nucleus displayed high frequencies of HD in a previous study, the present investigation was undertaken to confirm this observation and to determine its anxiety-related origin. HD episodes were counted in adult male Wistar rats (270-350 g) with electrolytic lesion (N = 11) and sham-lesioned controls (N = 12). When HD was measured for 60 min on an elevated open platform, lesioned rats emitted 13 times more HD than controls (264.7 ± 93.3 vs 20.3 ± 7.6 episodes), with the difference being statistically significant (P < 0.05). HD counts during 10-min sessions held 7, 14, 21, 27, and 63 days after lesion showed significantly higher means (range: 28.14 ± 5.38 to 62.85 ± 9.48) compared to shamlesioned controls (range: 7.37 ± 1.13 to 8.5 ± 1.45). Normal rats stepped down into their home cages when the vertical distance between them and the cage was short (16 cm), and the step-down latencies increased with increasing depths (36.7 ± 7.92 to 185.87 ± 35.44 s). Lesioned rats showed a similar behavior when facing the shortest depth, but had a significantly increased number (23.28 ± 2.35 episodes) and latency (300 ± 0.00 s) of HD compared to normal rats (9.25 ± 1.37 episodes and 185.87 ± 35.44 s) when facing the greatest depth (30 cm). This suggests that HD may be a depth-measuring behavior related to risk assessment.
In previous studies (1, 2) , electrolytic lesion in the area of the median raphe nucleus (MRA) was shown to induce stress gastric ulcers and locomotor hyperactivity in rats. Some of these animals, kept alive for one month, seemed to display an excessive number of head dips (HD). Such behavioral pattern, emitted on elevated open platforms and characterized by a downward visual screening, can be considered a risk assessment manifestation related to anxiety (3) . We recently located a report describing an increased frequency of HD emission seven days after MRA lesion (4) , indicating that our fortuitous observation could have been correct. The present study was carried out to confirm the temporal evolution of this effect, since HD may be one of the most prominent behavioral consequences of the lesion. In addition, the potential role of HD as a depth evaluation behavior was investigated, since it may be an interesting manifestation related to the repetitive behaviors observed in anxiety disorders.
A total of 43 male adult albino Wistar rats, weighing 270-350 g at the beginning of experimental manipulations, were obtained from the Central Animal House of Universidade Estadual Paulista, Botucatu, SP, Brazil. All norms for animal care and experimental procedures recommended by the Brazilian Federation of Experimental Biology Societies were followed.
Electrolytic lesion was performed in 11 randomly selected rats using previously described procedures (1, 2) . Briefly, the animal under pentobarbital (40 mg/kg) anesthesia plus local anesthesia (2% xylocaine, with a vasoconstrictor) was fixed in a stereotaxic apparatus (model 900, David Kopf Instruments, Tujunga, CA, USA) and the interparietal bone was exposed and drilled for electrode insertion. A nichrome insulated electrode (0.12 mm in diameter with 0.8 to 1.0 mm of a non-insulated tip) was inserted obliquely (30º in relation to the vertical coronal plane) and positioned at the following coordinates of the Paxinos and Watson stereotaxic atlas (5): A = +1.0 and +1.8 mm, LR = 0.0, and H = +1.6 mm above the interaural horizontal plane. A direct current of 4 mA lasting 15 s was used for electrocoagulation. Twelve control sham-lesioned animals were submitted to the same procedures, except that the electrode tip was inserted 1.0 mm above the nucleus in order to avoid mechanical lesion of the structure, and no electric current was applied. The animals were sutured and remained in their individual home cages with food and water ad libitum until recovery.
The occurrence of locomotor hyperactivity, indicative of lesion placement in the MRA (1,2), was determined with a homemade actigraph that counted the numbers of turns emitted in a circular plastic cage. Only rats showing 40 or more turns were used since similar values were not observed in previous pilot observations on normal rats. Histological control of the lesion was not made.
The maze used for evaluating HD consisted of an infinite symbol-shaped horizontal open wooden platform called endless maze (EM), which was designed in order to observe and count HD, to allow uninterrupted locomotion, to quantify locomotion, and to evaluate stereotyped locomotor routes. The two circular parts of the platform were symmetrical, each measuring 380 mm in external diameter and having a central opening measuring 200 mm in diameter. The platform track, 90 mm wide, was elevated 700 mm above the ground and was sustained by a wooden structure inaccessible to the animals. The circular tracks were divided into four equivalent quadrants marked and numbered to allow animal localization and locomotion counts. The central quadrant was used as the starting place for the animal. The numbers of HD emitted in each quadrant were counted continuously over a period of 10 min. HD was recorded when the animal stopped at the platform edge, head bent down, showing downward visual screening (eye level below the platform surface) with intense vibrissa twitching and sniffing.
The occurrence of locomotor hyperactivity was assessed during the night from the second to the third day (18:00 pm-6:00 am) after lesion. On the seventh day after surgery, the rats were placed individually on the EM for 10 min, and HD was counted. Over the subsequent three days (8th to 10th), HD was counted in six consecutive 10-min sessions (for a total of 60 min) in four rats of each group in order to evaluate its continu-ous temporal progression. The chronic evolution of HD was determined 7, 14, 21, 27, and 63 days after lesion in the remaining seven lesioned and eight control rats. All observations in the EM were made between 14:30 and 17:30 h in the silent room where the animals were housed.
Since we observed that rats stepped down immediately after an HD and returned to their home cages when the distance between platform and cage level was short (10 cm), we tested the role of repeated HD as a depthchecking behavior, searching for a proportional increase in HD frequency with an increasing EM-cage distance. For this purpose, the center of the open home cage was placed 160 and 300 mm perpendicularly under the extremity of the maze and the number of HD performed and the latency to step down into the cage were determined using eight normal rats for the shallower placement of the cage and ten for the deeper one. Each animal was observed for 5 min in the EM and maximal latency was considered to be 300 s for numerical calculation of the means. Six and seven lesioned rats were tested similarly at depths of 160 and 300 mm, respectively, on different days.
Data are reported as means ± SEM and were analyzed statistically by nonparametric tests using the Statistic program (Statsoft), with the level of significance set at P < 0.05.
Except for the bursts of locomotion near their home cage, with brief stops to sniff its corners, no other gross behavioral abnormalities were observed in lesioned rats. Lesioned rats made a mean of 92.6 ± 0.3 turns whereas control animals made 9.8 ± 2.3 turns.
The placement of lesioned animals on the EM platform induced ambulatory behavior and frequent HD, whereas an initial behavioral freezing was more commonly observed in sham-operated rats. The mean number of HD displayed by lesioned animals in the first evaluation on the EM was 62.8 ± 9.4, ranging from 32 to 89 (approximately one HD every 6 s), whereas the sham-lesioned controls presented a mean number of 8.5 ± 1.4 episodes (range: 3 to 12). The difference was found to be significant (P < 0.001, Mann-Whitney U-test).
Lesioned rats exhibited 264.7 ± 93.3 episodes of HD within 60 min, whereas control animals showed a mean of 20.3 ± 7.6 episodes, with the difference being significant (P < 0.05, Mann-Whitney U-test). When computing the data into six consecutive intervals of 10 min each, it was possible to observe a long-lasting period of HD emission at high frequencies, as shown in Figure 1A . Chronic observation showed that spontaneous locomotor hyperactivity inside the home cage was reduced after two weeks, although novel stimuli or anxiogenic situations (manipulation or new environments) evoked it again. HD persisted at high frequencies in the group of lesioned animals compared to controls (P < 0.05, Mann-Whitney U-test), as depicted in Figure 1B .
Normal animals explored the EM and returned to their home cages after the first or second HD directed toward it when the depth was 160 mm. As shown in Table 1 , the number of HD and latency to step down increased with increasing vertical distance between the maze and home cage. A typical conflict behavior, similar to the go-no-go behavior of discrimination tasks, was observed and the number of animals that refused to step down increased in the 300-mm test. Lesioned rats, although presenting lower frequencies of HD when the depth was 160 mm, displayed a significantly larger number of HD (P < 0.05, Kruskal-Wallis ANOVA) when the unevenness was increased to 300 mm and none of them descended to the home cages, as also shown in Table 1 . The results described above clearly confirm that rats bearing an electrolytic lesion in the MRA display chronically increased amounts of HD behavior. This long-term behavior indicates that it is a major and irreversible effect of MRA lesion. The high rates of HD emission in lesioned animals is not a consequence of increased locomotor activity since psychostimulants like d-amphetamine reduce risk assessment behaviors (6) . This allows us to associate HD with the repetitive behaviors of anxiety disorders. The chronic maintenance of the effect, on the other hand, allows its study without the interference of other acute behavioral changes induced by sudden deafferentation, such as those reported in the elevated plus maze (4) .
HD emitted by the MRA-lesioned rats in the EM is undoubtedly the same anxietyrelated risk assessment behavior as reported in the literature (3, 4) . As shown, stepping down from the maze to the home cages was frequently performed by the rats when the vertical distance was short. This confirms that elevated open places are anxiogenic and/ or aversive to the rats and suggests that stepping down is the escape response from such situation. HD usually preceded stepping down and probably was related to depth evaluation. This idea is supported by the enhancement of the HD emission when the vertical distance was increased. In such a situation, the rat perceived the risk of a potentially dangerous fall and repeated HD to better check the depth and to find a safe way to escape.
The higher frequency of HD emission and the suppression of the stepping down behavior when the distance was greatest (300 mm) in the lesioned rats compared to control indicate that their anxiety/fear levels were higher. Such interpretation is based on the fact that, avoiding stepping down, the rat was more sensitive to the dangerous stimulus represented by the height. On the other hand, the exacerbation of HD emission indicates that, though the animal decided to stay on the maze, the maze continued to be aversive. Thus, it is possible to conclude that the higher frequencies of HD behavior observed in the present study result from the increased anxiety level promoted by the inactivation of the MRA. Supporting this conclusion are many lines of evidence showing the involvement of the median raphe nucleus and serotonin in the etiological mechanisms of anxiety-related behaviors (7, 8) . However, MRA electrolytic lesion was interpreted as anxiolytic in the investigation made with the elevated plus maze (4), whereas in the EM it proved to be anxiogenic. Such contradictions may result from the existence of the lateral wall in the plus maze, which may 36.70 ± 7.92 185.87 ± 35.44* Animals that did not step down (%) 0 25* HD = head dipping. Data are reported as means ± SEM. *P < 0.05 compared to the 160-mm distance within groups (Kruskal-Wallis ANOVA). + P < 0.05 compared to the normal groups within the parameters for the same distance (Kruskal-Wallis ANOVA). The same notation is used to indicate significant differences in the incidence of rats that did not step down (P < 0.05, Fisher exact test).
represent a barrier that prevents the fall. The EM does not have this lateral wall, and the height may be perceived as more dangerous. Another explanation may be that HD behavior is not linear with increasing levels of anxiety. This lack of linearity in anxietyrelated behaviors was pointed out before (9) and may be illustrated as follows. Increases in HD may result from exploratory curiosity, which requires low levels of anxiety. Paradoxically, the same may occur when the animal has high levels of anxiety when searching for an escape from aversive conditions. If the latter predominates, HD and permanence in the open arms of the maze may increase. From such perspective, it seems important to point out that the Wistar strain of rats used in the present study has a high incidence of animals with high anxiety scores that manifest panic-like behaviors when submitted to sleep deprivation (10) . On the other hand, the assessment of MRA lesion as anxiogenic permits us to reconcile the contradictory anxiolytic and anxiogenic effects found in the elevated plus maze and lightdark box tests (11) . The acceptance of MRA lesion as anxiogenic reveals an interesting possibility. According to the present stepping down observations, HD repetition was interpreted to be a checking role. Excessive repetitive checking behavior is observed in quinpirole-treated rats and has been proposed as an experimental model of obsessive-compulsive disorder (12) . We suggest that the excessive HD of MRA-lesioned rats is a similar phenomenon. Although highly speculative, there are some data that justify further investigation of the subject. Compulsive behaviors are associated with anxiety (13), and MRA lesion increases HD apparently by elevating anxiety levels. Being related to anxiety, compulsion involves serotonergic mechanisms and is successfully suppressed by serotonin reuptake inhibitors (14) . The role of the median raphe nucleus in this mechanism seems to be relevant, since it is widely known that an important contingent of ascending serotonergic fibers arises from such structure (15) . Our current studies indicate that HD emission by MRA-lesioned rats is significantly reduced after 22 days of imipramine (20 mg/ kg per day) treatment. The same occurs with aversive conditioning. One fact that should not be forgotten is the existence of the "checker" subtype among human compulsive patients, as well as "cleaners" (16) . An unpublished observation from our group is the phenomenon of excessive grooming, which sometimes culminates in local hair loss and wounds in MRA-lesioned rats (Hoshino K, Uga DA, Leite HTP and de Paula HMG, unpublished data). Excessive grooming has also been proposed as an animal model of compulsive disorder (17) .
Electrolytic lesion in the MRA is not selective in destroying the median raphe nucleus. According to a previous study (1), a lesion sufficient to induce locomotor hyperactivity, which was the marker of successful lesions in the present study, involves adjacent structures. Locomotor hyperactivity is attributed to the interruption of some neural pathways crossing in the vicinity of the median raphe nucleus (18) . The identification of such compromised fibers is not an easy task, and has led us to confirm, in a first step, the existence of excessive HD behavior. In a positive case, such histological investigation comes as a natural second step. The magnitude of the problem seems to increase with the observation that a small, but significant, increase in the HD frequency was also observed after selective neurotoxic lesion of the serotonergic neurons of the median raphe nucleus (4) .
An alternative hypothesis to explain the repetitive emission of HD in MRA-lesioned rats, based on a memory disturbance, can be ruled out. It suggests that HD repetition is due to the fact that the animal forgets the results of previous depth checking. Supporting this idea, there are studies showing learning deficits in MRA-lesioned rats (19) . How-ever, more recently one of us (Uga DA, unpublished data) obtained evidence of preserved learning ability in our chronically lesioned rats, as previously observed by other investigators (20) .
Finally, it seems important to point out that the most important result reported in this paper is the long-term preservation of excessive HD emission. Whatever the etiological mechanism may be, the importance of HD in anxiety studies appears to have increased from a minor to a major level.
